To evaluate the extent of posterior capsule opacification (PCO) following cataract surgery-torsional phacoemulsification with liquefaction method removal of the epithelial cells (right eye), and straight forward torsional phacoemulsification (left eye), with subsequent implantation of the AcrySof SA60AT intraocular lens.
Introduction
As a very frequent late postoperative complication of cataract extracapsular extraction, posterior capsule opacification (PCO) is one of the main concerns of ophthalmologists worldwide for its medical, social, and economic implications. Recent trials have found that the effect of intraocular lens (IOL) material and design, surgical techniques, and pharmaceutical interventions are all contributing to the incidence and degree of PCO [1, 2] . Modern techniques of cataract surgery have led to a decrease in the neodymium-yttrium-aluminumgarnet (Nd:YAG) laser treatment rate for PCO. However, there is still no extended procedure for complete PCO eradication. Since the PCO usually develops over years and leads to a slow decrease in vision, progression over time is the important factor in PCO evaluation [3] .
AquaLase was originally introduced as a crystalline lens removal technology using the method of liquefaction of the lens material by pulses of warmed (57°C) balanced salt solution (BSS) produced just inside the aspiration port of the tip [4] . This technique was introduced by Alcon in late 2000, and together with an advanced ultrasound, NeoSoniX and OZil, is an option provided by INFINITI Vision System (Alcon Laboratories, Fort Worth, Texas, USA). Because the AquaLase tip is made of smooth material rounded-bevel polymer rather than metal, the risk for posterior capsule rupture is reduced, making this method more capsule friendly [5] . Several studies have shown that the technology may have applications in polishing the capsule through mechanical washing of lens epithelial cells (LECs) from the capsule bag with the fluid pulses [6, 7] . The reduction of LECs has been shown to be preventive for PCO occurrence and progression. The aim of our research was to assess whether use of liquefaction technology for polishing of the posterior capsule may serve as a prevention of PCO formation.
Methods
All operations were performed at the Department of Ophthalmology, University Hospital Hradec Kralove in the Czech Republic. The study was conducted in conformance with international ethical requirements, and all patients gave informed consent.
Fifty-six patients (17 men and 39 women) eligible for this prospective study were selected randomly from the department queue. The inclusion criteria were bilateral cataract and no other severe ocular pathologic features potentially affecting visual acuity (patients with mild age-related macular degeneration [AMD] were not excluded). Before surgery, a complete eye examination was performed. Best corrected visual acuity (BCVA) was measured using Snellen optotypes, together with endothelial cell count and pachymetry using specular microscope CONAN NONCON ROBO Pachy SP-9000. All operations were completed by one of the two skilled surgeons (N.J., P.R.), and both eyes of each patient were operated on by the same surgeon within 1 week. The operations were carried out under topical anesthesia:
Statistical analysis was performed using MS Excel and the statistical program SYSTAT, version 0.8. Where the collected data were not normally distributed, nonparametric methods were used. For testing BCVA, ECC and pachymetry values, Wilcoxon signed-rank test was used. Kruskal-Wallis test and/or Mann-Whitney test were used for testing of independent sets of data with the same distribution. Simple linear correlation analysis (Pearson) was performed for the assessment of the relation of EPCO 2000 indexes and OSCA scores and OSCA Single Analysis and OSCA New Analysis. All decisions were made at significance level (α) of .05.
Results
In this limited series no intraoperative complications were observed, such as rupture of the posterior capsule during AquaLase cleaning. The mean value of AquaLase time was 0.314 ± 0.190 second (s). The number of pulses varied from 80 to 1860, with median of 1105. Figure 1 ). There was a statistically significant difference between preoperative and postoperative values of ECC for both eyes (P value for the RE was 0; P value for the LE was 0.001). No statistically significant difference between the RE and the LE was found using Mann-Whitney test.
The preoperative mean value of pachymetry was 567.143 µm (RE) and 562.268 µm (LE). Postoperative mean values of pachymetry of the RE at 3 M, 6 M, 12 M and 24 M were 557.296 µm, 552.566 µm, 560.143 µm, and 554.750 µm, respectively. Mean values of pachymetry of the LE at 3 M, 6 M, 12 M and 24 M after surgery were 559.093 µm, 567.547 µm, 560.265 µm, 556.542 µm, respectively. No statistically significant difference between pre-and postoperative mean values was found using Wilcoxon test, and also no statistically significant difference between the RE and the LE was proved using Mann-Whitney test.
Two years after the surgery the capsule of most eyes showed mild wrinkling and mild homogeneous layers or sheets of LECs. Minimal opacification of the capsule with areas of honeycomb patterns of torsional phaco (OZil) was used for removal of the lens nucleus, and bimanual irrigation/aspiration (I/A) for cortex removal. The capsular bag of the right eye was polished using the liquefaction method (the standard AquaLase soft polymer needle flared at the tip with a 1.1-mm inner diameter and a 1.32 mm outer diameter). The AquaLase settings were: linear magnitude 40%, 50 pulses per second (pps), burst mode 100%, vacuum 14 mm Hg, and dynamic rise 2. The surgeons were both of equal standing and the same IOL (Alcon AcrySof SA60AT) was implanted in the bag through a Monarch II injector system (Alcon Laboratories) in all eyes.
All participants were asked to undergo a follow-up examination at 3, 6, 12 and 24 months (M) after surgery. Two patients were lost to follow-up, 2 patients underwent only the first postoperative visit 3 M after surgery, and 2 patients were examined only 3 and 6 M after surgery. After attaining maximal pupil dilatation, digital retroillumination photographs of the anterior segment were obtained using the slit-lamp equipped with Digital Vision System (composed of a digital camera with a Sony CCD sensor and the Epsilon Lyrae software (Florence, Italy)). Exact focusing on the IOL and posterior capsule was carried out. Patients with preceding Nd:YAG laser capsulotomy were excluded from the computer PCO assessment, and the remaining images were computer analyzed. They were imported into the EPCO 2000 program and the PCO was evaluated for the entire optic. The opacification density was graded as minimal (grade 1) when the capsule showed mild wrinkling, mild homogeneous layers, or sheets of lens epithelial cells. Areas of honeycomb patterns of PCO, thicker homogeneous layers, and denser fibrosis were graded as mild (grade 2), and areas of classical Elschnig pearls and of very thick homogeneous layers were graded as moderate (grade 3). Areas of very thick Elschnig pearls with "darkening effect" or of any type of severe opacification were graded as severe (grade 4). The boundaries of the IOL and each opaque area of the posterior capsule were drawn on the images using the computer mouse. After all areas of interest were color coded, the PCO indexes were calculated and then analyzed statistically [8] . The images were then analyzed with the OSCA system. It is possible to use 3 different methods of analysis: 1) the Single Analysis, for analyzing the only image of the patient´s capsule with flash not covering the PCO; 2) the New Analysis, requiring 2 images containing spoiled flash areas in different regions; and 3) the Circ Analysis, which allows the specification of the central number of pixels to be measured [9, 10] . In this study the Single Analysis was used when the flash did not cover PCO and the New Analysis when the flash had to be removed without losing potential PCO areas under the flash. In the New Analysis the second image was registered, that is, it was realigned for deviations cased by different angles of photography. Then, by clicking down the remaining buttons, the processes of equalization and segmentation, removing backgrounds, swapping bright areas, and fading bits were carried out. The PCO score was calculated automatically. The possible OSCA scores range from zero (no PCO) to approximately 15 (practical expected maximum). The typical OSCA value for images with very little or no PCO is approximately 0.5. Values for patients who are deemed to warrant laser capsulotomy typically are approximately four to five.
The incidence of Nd-YAG laser capsulotomy was evaluated. Nd-YAG capsulotomy was performed based on subjective patient disappointment regarding the quality of his or her vision and measurable decrease in BCVA compared to best postoperative VA (loss of more than 1 line in Snellen BCVA), coupled with the presence of PCO in the central part of the posterior capsule. Measurement of the degree of capsule opacification was not determinant decisive.
PCO (EPCO grade 1) were found in almost all eyes, whereas areas of very thick Elschnig pearls with darkening effect or any type of severe opacification (EPCO grade 4) were not found in the group with liquefaction cleaning (right eyes) and in only one left eye. The mean EPCO indexes for the entire optic with standard deviation, median, and minimal and maximal values for the AquaLase group (right eyes), and for the eyes without AquaLase (left eyes) are shown in table 1. Comparison of total EPCO indexes between both eyes is shown in figure 2 . 
Discussion
Although phacoemulsification technology, surgical techniques and the IOL quality all have an important effect on the incidence and degree of PCO [11, 12] , there is still no proved procedure for its complete eradication. It was repeatedly proved that the AcrySof acrylic IOL with square posterior optic has a PCO-inhibiting effect [1, 13] . To minimize the influence of the IOL on PCO development, all patients in this study received the same IOL, namely the Alcon AcrySof SA60AT.
Surgical technique is another factor influencing PCO formation. Crucial factors include precise continuous curvilinear capsulorrhexis, cortical cleaning, posterior capsule polishing, and lens placement in the bag. In our study, all surgeries were performed by one of two surgeons. We are aware that this may represent a source of variability in subsequent PCO formation; however, no significant difference in PCO extent was proven between the two surgeons. Hence, the statistical analyses were carried out without consideration of possible variation in surgical skill.
AquaLase is a handpiece option provided by INFINITI Vision System (Alcon Laboratories). This liquefaction device uses fundamentally different technology for emulsification and removal of lenticular material. Several studies have shown that the technology is more capsule friendly and may have applications in polishing the capsule through mechanical washing of epithelial cells from the bag with the fluid pulses [6, 7, 14, 15] . In our study the AquaLase was not primarily used for liquefaction of the cataract, but only for polishing of the capsule bag. The AquaLase settings were chosen to be completely safe for the posterior capsule, and no perioperative complications such as capsule rupture or zonular loss were observed.
No standardized, widespread, fully objective system of analysis of PCO has yet been proven as a gold standard. The ideal system should be objective and it should give quantifiable values for PCO. It should be sensitive and specific enough and have high reproducibility and validity. It should eliminate subjective errors in assessment and it should be able to avoid registering artifacts such as lens edge, capsulorrhexis edge, flash reflections, poorly illuminated areas of capsule, and corneal, vitreous, or fundus opacities [9, 16] . The EPCO 2000 is one of the most frequently used methods of PCO assessment. It has good intraindividual and inter-individual reliability, and it is easy to use. It is not patient dependent and provides valid and reproducible results. The OSCA is a system of objective PCO assessment, which is based on location-sensitive entropy-based texture analysis of digital images. This system is of good validity and excellent reliability and there is also very good correlation of PCO scores with vision. Both systems of PCO analysis measure morphologic severity of PCO (extent and density). As regards the OSCA software, it provides in addition positive weighting toward the central visual axis.
PCO-induced decrease of vision can be treated by opening the posterior capsule by Nd-YAG capsulotomy [17] . The incidence of Nd:YAG laser capsulotomy is an indirect and less than ideal measure of PCO, and it has questionable validity. It may be influenced by subjective patient symptoms, surgeons´ preferences and opinions, and even by economic considerations. Although the dependence on Nd:YAG capsulotomy as a measure of PCO may be an inaccurate estimate of the degree of opacification [18] , it is important to show the capsulotomy rate with the results of PCO measured with PCOquantifying software. Eyes that have required capsulotomy can no longer be computer assessed, and these dropouts can considerably bias study results. A study of the difficult statistical problems caused by missing data attributable to Nd:YAG capsulotomies in long term PCO trials has been published [19] . When a study includes many capsulotomies (often predominantly in one of the groups), the results of complete case analyses may be considerably biased. In our study, only 2 patients required Nd:YAG capsulotomy over the whole followup period. The difference in the laser treatment of PCO was not significant between the right and left eyes, so no direct comparison of software outcomes was made. The capsulotomy dropouts were taken into account when making study conclusions.
There was no proven significant difference between the groups in EPCO indexes and OSCA scores during 24 month follow-up. The mean total EPCO indexes and OSCA scores were slightly better in the right eye (AquaLase cleaning).
In summary, notwithstanding the slightly better results in eyes with AquaLase polishing of the posterior capsule, this technique was not able to completely prevent a natural progression of PCO. 
